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COOLING FOR BATTERY-INTEGRATED
POWER ELECTRONICS SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to German Patent
Application No. DE 10 2018 104 935.8, flied Mar. 5, 2018,
which is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a method and to a
system for cooling for a battery module with an integrated
power electronics system, in which method and system the
thermal coupling of the power electronics system to a heat
discharge system from the battery module is taken into
consideration.

BACKGROUND OF THE INVENTION

[0003] If a power electronics system is integrated in a
battery module, for example of an electric vehicle, in
addition to a large number of energy cells, two heat sources
are present. Firstly, the energy cells heat up on account of
their non-negligible internal resistance both when charging
and also when discharging. Here, a battery cooling system
determines a power available to the electric vehicle to a great
extent. Often, a liquid cooling arrangement is used for this
purpose, said liquid cooling arrangement, even using an
air-conditioning compressor, cooling the energy cells to
approximately room temperature. Secondly, the power elec-
tronics system, for its part, carries high currents, for example
a battery current, through electronics components which
additionally generate forward power losses and/or switching
losses. However, an additional heat source, as produced here
by the power electronics system, has not been provided in
conventional battery concepts to date. Although conven-
tional vehicle batteries often likewise contain a battery
electronics system, in particular for monitoring the battery
and/or for battery management, these are not power elec-
tronics systems and produce a negligible level of thermal
losses.

[0004] By way of example, document DE 10 2012 018
113 A1, which is incorporated by reference herein, describes
a battery comprising a large number of prismatic energy
cells which are installed together with the battery electronics
system and a cooling apparatus. However, here, the battery
electronics system serves only to interconnect the individual
energy cells in the low-voltage range, for example for
voltage monitoring or charge equalization between the indi-
vidual energy cells, and does not disclose a power electron-
ics system for interconnecting currents at a scale of the
battery current as a further heat source.

[0005] In principle, a typical operating temperature range
of the power electronics system and the battery differ.
Modern batteries such as U- or Zn-based batteries (in
contrast to high-temperature batteries such as sodium-based
batteries) favor ideal operating temperatures which usually
reach just above 0° C. to approximately 40° C. (absolute
limits are considerably broader). Although a reaction rate
increases with the temperature (such as in the case of
exothermic reactions) and therefore a current-carrying
capacity of the battery increases with the temperature, a risk
of overheating and a risk of fire also increase. Therefore, the
power of the battery is reduced both at high and low
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temperatures and said battery favors approximately room
temperature. In contrast to this, electronics components can
be operated at far below 0° C., for example in the case of
semiconductors at least at —20° C., before a faulty, thermally
sharply defined, Fermi-Dirac density of states at low tem-
peratures adversely affects operation. Toward the top of a
temperature scale, semiconductors allow temperatures up to
a so-called junction temperature, which extends to far above
120° C., as a result of which housing temperatures of above
100° C. are possible. The same applies, at least frequently,
for a power loss. Batteries dominate the power loss, but
generate said power loss over a large surface and usually
have a considerable thermal capacity, as is already apparent
at a high mass and a high volume. A power electronics
system often generates considerably less (here approxi-
mately by a factor of 5 to 10) absolute thermal power.
However, this usually manifests itself in a highly concen-
trated manner on a power electronics component. In addi-
tion, the power electronics system usually has an extremely
low thermal capacity in comparison to the battery. If the heat
were not discharged from the electronics system, said elec-
tronics system would accordingly heat up to beyond its
destruction limit.

[0006] American document US 2008/0090137 A1, which
is incorporated by reference herein, discloses a battery
which integrates a large number of prismatic energy cells,
respectively arranged with thermally conductive plates, in a
battery housing. A respective mechanical connection
between a respective prismatic energy cell and a respective
thermally conductive plate can also be released again.
[0007] Document DE 10 2009 030 017 Al, which is
incorporated by reference herein, concerns a battery, the
energy storage units of which consist of electrochemical
storage cells and/or of capacitors. A radiator block which
discharges heat via cooling or refrigeration means is coupled
to the energy storage units.

SUMMARY OF THE INVENTION

[0008] Against this background, described herein is a
method which solves the problem of cooling for a battery
with an integrated power electronics system and, as a result
of this, for two heat sources. In particular, the thermal
coupling of the power electronics system to a heat discharge
system from the battery should be taken into consideration.
Also described is a corresponding system for carrying out a
method of this kind.

[0009] More particularly, described herein is a method for
providing cooling of a power electronics system which is
integrated in a battery module, in which method the battery
module has a battery housing, containing a large number of
energy storage units and the power electronics system which
is integrated adjacent thereto and comprises a printed circuit
board which is populated with power semiconductor
switches, and a thermally conductive element which creates
thermal contact between the respective energy storage units
and the power electronics system, in which method the
cooling of the power electronics system is achieved by the
thermally conductive element which renders possible trans-
fer of thermal energy from the power electronics system to
the energy storage units, and in which method at least one
side of the battery housing is coupled to a cooling system,
wherein the thermally conductive element is areally con-
nected to a respective energy storage unit and is contacted by
way of a respective curved portion, which is integrally
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formed on the thermally conductive element, by a part of the
power electronics system that is adjacent to the respective
energy storage element, wherein a spring action between the
power electronics system and the thermally conductive
element is formed by the curved portion and the thermal
contact is increased as a result.

[0010] The method according to aspects of the invention
makes use of the fact that effective concepts for discharging
heat from the energy storage units are already provided by
the prior art. For example, the energy storage units can be in
thermal contact with an areal base of the battery housing
which is likewise areally coupled to a cooling system, by
means of which heat can be discharged from the battery
module to a sufficient extent. In addition, the method accord-
ing to aspects of the invention utilizes thermal properties of
the two heat sources. For example, the additional thermal
energy of the power electronics system, which turns out to
be rather low in comparison to the thermal energy generated
in the energy storage units, can be easily compensated for by
the cooling system of the energy storage unit and does not
require any or only a small degree of boosting of the cooling
system. Furthermore, thermal operating ranges of the power
electronics system and of energy storage elements of dif-
ferent scope allow a relatively large temperature gradient to
be formed, as a result of which a correspondingly high flow
of heat from the power electronics system to the energy
storage units is possible.

[0011] A distance between the power electronics system
and the energy storage units which is as small as possible is
also advantageous, and therefore the thermal energy is
conducted as far as possible directly from the thermally
conductive element into the energy storage units. It is also
further advantageous for the method according to aspects of
the invention to already distribute a high energy density of
the heat, which is generated primarily at the power semi-
conductor switches, in the thermally conductive element and
pass it on to the energy storage units over a large area.
[0012] In one embodiment of the method according to
aspects of the invention, the thermally conductive element is
presented composed of a single piece of sheet metal in a
comb-like manner. A thermally conductive element of this
kind then receives the respective energy storage elements
between the respective comb teeth or limbs. A technical
implementation of this embodiment of the method according
to aspects of the invention results in low costs, little instal-
lation space and low weight.

[0013] The tolerances to be expected in a sheet-metal
bending process can be sufficiently large that a contact area
is formed between the respective energy storage element and
a part of the metal sheet which bears against said energy
storage element, which contact area is in thermal contact
only at some points. In the same way, the contact area
between the power electronics system and the curved por-
tion which is integrally formed on the metal sheet can be
restricted to a few, projecting regions of the power electron-
ics system which are advantageously formed on the power
semiconductor switches. All of the other regions which are
covered by the metal sheet on energy storage elements and
power electronics system are usually separated by a small,
but thermally insulating, air film.

[0014] These tolerances can be compensated for by so-
called gap pads which are slightly elastic thermally conduc-
tive foils. However, the gap pads increase a thermal transfer
resistance between the power electronics system and the
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metal sheet. As an alternative, very thin lacquer coatings on
the metal sheet could be used here in order to provide a
necessary electrical insulation together with considerably
better thermal conduction.

[0015] A very thin coating of the thermally conductive
element, which is thermally conducting but at the same time
has an electrically insulating effect at least with respect to
local voltage differences, is conceivable. Materials having
these properties include, for example, polymers. Polymers
which may be mentioned are, for example, polyether ether
ketone, polyurethane, polyamide, polyimide, Teflon or
epoxy which all have an insulating effect up to regions of 10
kV/mm to 100 kV/mm. Coating of the thermally conductive
element is preferably executed together with filling with a
highly thermally conductive material which is has a thermal
conductivity above 10 W/(m K). Materials which may be
mentioned are, for example, Al,O;, ZnO, ZrO or TiO,.
Overall, a combination of said electrically insulating mate-
rials and said thermally conductive materials will result in a
thermal conductivity of greater than 2 W/(m K), this being
advantageous in comparison to typical plastics with a ther-
mal conductivity of less than 0.3 W/(m K). Furthermore,
coatings with inorganic materials such as, for example,
ceramic materials are also conceivable. These coatings may
be impregnated with plastic. In order to avoid damage to a
coated surface of the thermally conductive element, the
coating should be performed only after mechanical treat-
ment of the thermally conductive element, for example by
bending or stamping.

[0016] The method according to aspects of the invention
creates possible ways of compensating for the tolerances
mentioned. Since the curved portion of the metal sheet
advantageously renders possible a spring action, firstly
well-defined contact-pressing of the metal sheet onto the
power electronics system is implemented and in addition
unevennesses in height of the power electronics system are
compensated for. Secondly, the spring action continues on a
non-curved part of the metal sheet and there also increases
the contact-pressing of that part of the metal sheet which
covers the respective energy storage unit. As a result, a
tolerance to different thicknesses of the energy storage units
is also achieved. This is relevant, in particular, in the case of
energy storage units of which the thickness varies with the
state of charge and environmental conditions.

[0017] In one embodiment of the method according to
aspects of the invention, the thermally conductive element is
composed of a plurality of bent sheet-metal partial pieces.
This may involve at least two bent sheet-metal partial pieces,
up to an embodiment of the method according to aspects of
the invention in which a respective bent sheet-metal partial
piece is associated with each energy storage unit.

[0018] In a further embodiment of the method according
to aspects of the invention, a respective bent sheet-metal
partial piece is presented in a “U”-shaped manner and a
respective energy storage unit is received between two limbs
of the “U” and the curved portion is embodied by a bend of
the “U”.

[0019] In a yet further embodiment of the method accord-
ing to aspects of the invention, a respective bent sheet-metal
partial piece is presented in a “J’-shaped manner and a
respective energy storage unit is contacted by a limb of the
“J” and the curved portion is embodied by a bend of the “J”.
[0020] In one embodiment of the method according to
aspects of the invention, the respective energy storage unit
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selected is either a battery cell which is in the form of a
prismatic cell, or a battery cell which is in the form of a
pouch cell, or a battery cell which is in the form of a plurality
of round cells arranged in series. It is also conceivable for
the respective bent sheet-metal partial piece to be designed
in the form of a sleeve in order to maximize the thermal
contact with a battery cell which is in the form of a round
cell.

[0021] In one embodiment of the method according to
aspects of the invention, the spring action of the curved
portion is boosted by a housing cover which presses onto the
power electronics system. For example, the housing cover
can be connected to the battery housing by a clamping
mechanism.

[0022] In a yet further embodiment of the method accord-
ing to aspects of the invention, the spring action of the
curved portion is boosted by fixing the power electronics
system inside the battery housing. In this case, the fixing can
be performed relative to the battery housing and/or to the
energy storage units. For example, in the case of energy
storage units with screw connections, this screw connection
can be used, for example, in order to firstly establish an
electrical connection between the power electronics system
and energy storage units but secondly also to press the power
electronics system against the energy storage units and the
interposed thermal element. In particular, screw bolts or else
holes with an internal thread are employed in the case of
battery cells which are in the form of prismatic cells.
[0023] Also described is a system for providing cooling of
a power electronics system which is integrated in a battery
module, which system has a battery housing, containing a
large number of energy storage units and the power elec-
tronics system which is integrated adjacent thereto and
comprises a printed circuit board which is populated with
power semiconductor switches, and a thermally conductive
element which creates thermal contact between the respec-
tive energy storage units and the power electronics system,
in which system the thermally conductive element is
designed to implement cooling of the power electronics
system by transferring heat from the power electronics
system to the energy storage units, and in which system at
least one side of the battery housing is coupled to a cooling
system, wherein the thermally conductive element is areally
connected to a respective energy storage unit and is con-
tacted by way of a respective curved portion, which is
integrally formed on the thermally conductive element, by a
part of the power electronics system that is adjacent to the
respective energy storage element.

[0024] In a refinement of the system according to aspects
of the invention, the thermally conductive element is formed
from a single piece of sheet metal.

[0025] In a further refinement of the system according to
aspects of the invention, the thermally conductive element is
formed from individual “U”-shaped and/or “J’-shaped bent
sheet-metal partial pieces.

[0026] Also described is a battery module which is
equipped with the system according to aspects of the inven-
tion and which is designed to execute the method according
to aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWING

[0027] Further advantages and refinements of the inven-
tion can be found in the description and the accompanying
drawing.
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[0028] It is understood that the features mentioned above
and the features still to be explained below can be used not
only in the respectively indicated combination but also in
other combinations or on their own, without departing from
the scope of the present invention.

[0029] Generally identical components are assigned the
same reference numerals.

[0030] FIG. 1 shows a schematic illustration of a comb-
like thermally conductive element without a curved portion.
[0031] FIG. 2 shows schematic illustrations of side views
of bent sheet-metal partial pieces which are formed in
embodiments of the method according to aspects of the
invention.

[0032] FIG. 3 shows a perspective illustration of a ther-
mally conductive element which is formed in one embodi-
ment of the method according to aspects of the invention.
[0033] FIG. 4 shows a schematic illustration of a side view
of'a section through a battery module which is obtained with
one embodiment of the method according to aspects of the
invention.

[0034] FIG. 5 shows a perspective illustration of the
section through the battery module which is shown in FIG.
4 and obtained with one embodiment of the method accord-
ing to aspects of the invention.

[0035] FIG. 6 shows a perspective illustration of a battery
module which is obtained with one embodiment of the
method according to aspects of the invention, without a
housing cover.

[0036] FIG. 7 shows an exploded illustration of a battery
module which is obtained with one embodiment of the
method according to aspects of the invention, with a hori-
zontally arranged power electronics system.

[0037] FIG. 8 shows an exploded illustration of a battery
module which is obtained with one embodiment of the
method according to aspects of the invention, with a laterally
arranged power electronics system.

[0038] FIG. 9 shows a perspective illustration of a con-
nection of the power electronics system for one embodiment
of the method according to aspects of the invention.
[0039] FIG. 10 shows schematic illustrations of construc-
tions during production of a thermally conductive element
which is formed for executing the method according to
aspects of the invention.

[0040] FIG. 11 shows an exploded illustration of a battery
module which is obtained with one embodiment of the
method according to aspects of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] FIG. 1 shows a schematic illustration of a comb-
like thermally conductive element 102 without a curved
portion. The perspective view 100 presents the thermally
conductive element 102, which is manufactured from one
piece of sheet metal, with a large number of comb teeth 104.
The ovally rounded cutouts which can be seen on the top
side receive, after the thermally conductive element 102 has
been fitted onto a large number of energy storage units,
upper connections of the energy storage units and in this way
allow access to the interconnection arrangement of said
energy storage units. The view 110 shows an illustration,
from the side, of a thermally conductive element 102 which
is mounted on energy storage units 116. A printed circuit
board 111 of a power electronics system, which printed
circuit board is populated with power semiconductor
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switches 112 amongst other things, is arranged on the top of
the thermally conductive element 102. A thermal contact
area of the thermally conductive element 102 is limited both
due to size differences 119 of the energy storage units 116
and also due to a structural height 118 of the printed circuit
board 111, which structural height is the result of said
printed circuit board being populated with electronic com-
ponents of different thicknesses. Under certain circum-
stances, a thermally insulating air film is located between a
power semiconductor switch as heat source and the ther-
mally conductive element which is intended to pass on heat
to the energy storage units 116. Equally, it may be the case
that some energy storage units 116 are not in contact with the
thermally conductive element 102 by way of their upper
edge and the heat can be transmitted to the respective energy
storage units 116 at such a point only by means of the lateral
comb teeth 104. The view 120 demonstrates a further
problem in the case of a rigid design of the thermally
conductive element 102. The individual energy storage units
126 can have different thicknesses depending on the state of
charge and environmental conditions. Therefore, under cer-
tain circumstances, it may not be possible to plug-mount the
comb-like thermally conductive element onto the energy
storage units 126 if a gap 122 between two energy storage
units does not correspond to a position of a comb tooth.
Alternatively, an air gap 124, which has a thermally insu-
lating effect, may remain after the plug-mounting operation.
These possible problems are solved by embodiments of the
method according to aspects of the invention.

[0042] FIG. 2 shows schematic illustrations of side views
210 and, respectively, 220 of bent sheet-metal partial pieces
212 and, respectively, 222 which are formed in embodi-
ments of the method according to aspects of the invention.
According to aspects of the invention, the bent sheet-metal
partial pieces 212 and, respectively, 222 have a curved
portion 202, which is in thermal contact with the power
electronics system, and at least one limb 204 which, if a
plurality of bent sheet-metal partial pieces 212 and, respec-
tively, 222 are lined up with one another and have similari-
ties to a comb as viewed from the side, represents one
respective comb tooth and is in thermal contact with the
respective energy storage element. View 210 shows two
“U”-shaped bent sheet-metal partial pieces 212 with a
curved portion 202 and in each case two limbs 204. An
energy storage element is received between the two limbs
204. View 220 shows two “J”-shaped bent sheet-metal 2
partial pieces 222 with a curved portion 202 and in each case
one limb 204 which makes thermal contact with the respec-
tive energy storage element from one side.

[0043] FIG. 3 shows a perspective illustration 300 of a
thermally conductive element 302 which is formed in one
embodiment of the method according to aspects of the
invention and has a large number of curved portions 202 and
limbs 204. A respective curved portion part contains two
ovally rounded cutouts which, after a respective energy
storage element is received, allow access to the connections
of said energy storage element from above. The thermally
conductive element 302 can either be presented composed of
a single piece of sheet metal in a comb-like manner or made
up of a plurality of bent sheet-metal partial pieces which
constitute a sub-quantity of the single piece of sheet metal.
In this case, the thermally conductive element 302 can be
made up of the “U”- or “J”-shaped bent sheet-metal partial
pieces shown in FIG. 2.
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[0044] FIG. 4 shows a schematic illustration 400 of a side
view of a section through a battery module 402 which is
obtained with one embodiment of the method according to
aspects of the invention. The battery module 402 is seated,
by way of'its lower side, on a cooling plate, not shown here,
of a cooling system. The battery housing contains a com-
bination 406 of energy storage units and thermally conduc-
tive element, wherein a comb tooth or limb 204 and a curved
portion 202 of the thermally conductive element are respec-
tively provided for the energy storage unit 206. An opening
which is respectively provided in the region of the curved
portion 202 or a corresponding cutout (not shown in the
illustration 400 but discussed in relation to FIG. 3) receives
a respective upper connection 408 of the respective energy
storage unit 206. The power electronics system 404, from
which heat is discharged by means of the combination 406,
is situated on top of the curved portions 202 of the thermally
conductive element. According to aspects of the invention,
said discharge of heat takes place by means of the curved
portions 202 of the thermally conductive element which are
firstly in contact with the power electronics system 404 and
secondly dissipate the heat from there to the limbs 204 and
finally to the energy storage units. In addition, the heat can
also be directly discharged to a base of the battery housing
by means of the thermally conductive element when, as in
the embodiment shown, the limbs 204 are drawn downward
in the direction of the cooling plate over an entire cell length
and make thermal contact with said cooling plate. It is also
conceivable for the areal extent of the limbs at the side to
reach as far as a side wall of the battery housing and for heat
to be discharged there. However, in general, provision is
made according to aspects of the invention for curved
portions 202 to be formed at those points at which the power
electronics system 404 makes contact with the thermally
conductive element, and for the thermally conductive ele-
ment to form a combination 406 with the individual energy
storage units 206.

[0045] FIG. 5 shows a perspective illustration 500 of the
section through the battery module 402 which is shown in
FIG. 4 and obtained with one embodiment of the method
according to aspects of the invention. Said figure shows, in
particular on the combination 406 of energy storage units
and thermally conductive element, the respective connec-
tions 408 of the energy storage units, which connections can
be contacted from above in a respective opening of the
thermally conductive element, and the power electronics
system 404 situated on said connections.

[0046] FIG. 6 shows a perspective illustration 600 of a
battery module 402 which is obtained with one embodiment
of the method according to aspects of the invention, without
a housing cover. Said figure shows, in particular, the respec-
tive connections 408 of the energy storage units, which
connections can be contacted from above in a respective
opening of the thermally conductive element, and the power
electronics system 404 situated on said connections.

[0047] FIG. 7 shows an exploded illustration 700 of a
battery module 402 which is obtained with one embodiment
of the method according to aspects of the invention, with a
horizontally arranged power electronics system 404. In the
exploded illustration 700, the energy storage elements 704
have been illustrated in two halves to the sides of the
thermally conductive element 302. In the assembled state,
the energy storage elements 704 are seated within the battery
module 402 with the thermally conductive element 302
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inserted. Said figure dearly shows the connections 408 of the
energy storage units 704. The power electronics system 404
is situated horizontally on top of the thermally conductive
element 302 and is pressed onto the curved portions of the
thermally conductive element 302 by the housing cover 702.
Cooling is preferably performed by means of the base of the
battery module 402. It is conceivable to also carry out the
cooling by means of a housing side of the battery module
402, or to implement cooling from there in addition to the
cooling at the base.

[0048] FIG. 8 shows an exploded illustration 800 of a
battery module 402 which is obtained with one embodiment
of the method according to aspects of the invention, with a
laterally arranged power electronics system 404. Accord-
ingly, the thermally conductive element 802 has curved
portions according to aspects of the invention on that side
which faces the power electronics system 404. An embodi-
ment of this kind of the method according to aspects of the
invention advantageously minimizes a number of openings
otherwise required in the thermally conductive element 802
for connection points of the respective energy storage unit
206. In addition, the illustration 800 shows that the ther-
mally conductive element 802 does not comprise the entire
length of the respective energy storage unit 206, but rather
leaves a small piece free at the bottom, that is to say is not
in thermal contact with the base of the battery housing 402.

[0049] FIG. 9 shows a perspective illustration 900 of a
connection of the power electronics system 404 for one
embodiment of the method according to aspects of the
invention. In the embodiment shown, the power electronics
system 404, by means of metal contacts 910, makes contact
with likewise metal contacts 904 of a sub-structure 902
illustrated in the shape of a box in a stylized manner here.
For example, the substructure 902 comprises the energy
storage units and the thermally conductive element, and also
an interconnection of all of the energy storage units to the
metal contacts 904. The illustration 900 shows a plurality of
electronic components of different thicknesses which, in the
same way, can additionally be located on a bottom side, not
shown here, of the power electronics system 404. In par-
ticular, power semiconductor switches 906 and busbars 908,
which carry currents lying in the region of a battery current
and are formed for example from copper which is coated on
the surface, form heat sources. They can both be contacted,
at their surface, by the thermally conductive element. The
busbars 908, owing to thick copper layers, may have the
same overall height as the power semiconductor switches
906 or even protrude beyond them. Various electronic com-
ponents, such as modern low-voltage power transistors for
example, are also designed in such a way that heat can be
drawn from them, by means of electrical contacts, into the
copper of the busbars. In these cases, the heat can be
discharged from the copper on the printed circuit board of
the power electronics system 404, by means of the thermally
conductive element, into the energy storage units.

[0050] FIG. 10 shows a schematic illustration 1000 of a
plurality of constructions 1002, 1004 during production of a
thermally conductive element 302 which is formed for
executing the method according to aspects of the invention.
The production of a thermally conductive element 302 as a
single sheet-metal piece or from a plurality of bent sheet-
metal partial pieces can be performed, for example in a very
cost-effective manner, in a stamping and bending process. In
this stamping and bending process, a metal sheet 1002,
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preferably composed of a material exhibiting good thermal
conductivity, such as aluminum or copper, is formed such
that a surface is produced on which the power electronics
system can be thermally contacted, that is to say the curved
portions can be integrally formed, and the limbs which
extend between the cells can be formed. The extensions in
the construction 1004 are produced, for example, by so-
called “v-bending”. Any limbs on outer edges can be pro-
duced by so-called “edge bending”. All cutouts required, in
order for example to guide screw or weld connections of the
energy storage units through the thermally conductive ele-
ment to the power electronics system or to cut electronic
components with a relatively large overall height on the
power electronics circuit board out of the thermally conduc-
tive element, can be formed by stamping.

[0051] FIG. 11 shows an exploded illustration 1100 of a
battery module 402 which is obtained with one embodiment
of the method according to aspects of the invention. The
respective energy storage units 206 are inserted into the
battery housing of the battery module 402, the thermally
conductive element 302 is then plug-mounted, and finally
the power electronics system 404 is thermally contact-
connected on the curved portions of the thermally conduc-
tive element 302 by well-defined contact-pressing of the
housing cover 702.

What is claimed is:

1. A method for arranging a power electronics system
which is integrated in a battery module having a battery
housing containing (i) a plurality of energy storage units, (ii)
the power electronics system, which is positioned adjacent
the energy storage units and includes a printed circuit board
populated with power semiconductor switches, and (iii) a
thermally conductive element that creates thermal contact
between the respective energy storage units and the power
electronics system, said method comprising:

coupling at least one side of the battery housing to a
cooling system; and

creating thermal contact between the respective energy
storage units and the power electronics system using
the thermally conductive element by (i) connecting a
surface area of the thermally conductive element to a
respective energy storage unit, and (ii) contacting a
respective curved portion that is integrally formed on
the thermally conductive element with a part of the
power electronics system that is adjacent to the respec-
tive energy storage element, wherein the curved portion
of the thermally conductive element is spring loaded
against the power electronics system for cooling the
power electronics system.

2. The method as claimed in claim 1, wherein the ther-
mally conductive element is composed of a single piece of
sheet metal in a comb-like manner and the respective energy
storage elements are received between respective comb teeth
or limbs.

3. The method as claimed in claim 1, in which the
thermally conductive element is composed of a plurality of
bent sheet-metal partial pieces.

4. The method as claimed in claim 3, in which a respective
bent sheet-metal partial piece is associated with each energy
storage unit.

5. The method as claimed in claim 4, in which the
respective bent sheet-metal partial piece has a “U”-shape
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and a respective energy storage unit is received between two
limbs of the “U” and the curved portion is embodied by a
bend of the “U”.

6. The method as claimed in claim 4, in which the
respective bent sheet-metal partial piece has a “J”-shape and
a respective energy storage unit is contacted by a limb of the
“J” and the curved portion is embodied by a bend of the “3”.

7. The method as claimed in claim 1, in which the
respective energy storage unit is a battery cell which takes
the form of either a prismatic cell, a pouch cell, or a plurality
of round cells arranged in series.

8. The method as claimed in claim 1, in which a spring
force conferred by the curved portion is at least partially
established by pressing the housing cover onto the power
electronics system.

9. The method as claimed in claim 1, in which a spring
force conferred by the curved portion is at least partially
established by fixing the power electronics system inside of
the battery housing.

10. A system for cooling a power electronics system
which is integrated in a battery module, said system com-
prising:

a battery housing containing (i) a plurality of energy

storage units, (ii) the power electronics system, which
is positioned adjacent the storage units and includes a
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printed circuit board populated with power semicon-
ductor switches, and (ill) a thermally conductive ele-
ment that creates thermal contact between the respec-
tive energy storage units and the power electronics
system for cooling the power electronics system by
transferring heat from the power electronics system to
the energy storage units,

wherein at least one side of the battery housing is coupled

to a cooling system,

wherein a surface area of the thermally conductive ele-

ment is connected to a respective energy storage unit,
and

wherein a respective curved portion that is integrally

formed on the thermally conductive element is con-
nected with a part of the power electronics system that
is adjacent to the respective energy storage element.

11. The system as claimed in claim 10, wherein the
thermally conductive element is formed from a single piece
of sheet metal.

12. The system as claimed in claim 10, wherein the
thermally conductive element is formed from individual
“U”-shaped, “J”-shaped, or both “U”-shaped and “J”’-shaped
bent sheet-metal partial pieces.
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